and suggested that epinephrine may affect the permeability of the blood-brain barrier as well as other barriers. However, mechanism of the potentiating action of epinephrine on barbiturate anesthesia still remained to be elucidated.
Meanwhile, Ohshika in our laboratory has reported that thiopental bound to plasma albumin can be displaced in vitro by a series of fatty acids (5) and further that anesthetic effect of thiopental was potentiated in rats or mice pretreated with sodium oleate. From a consideration of the results, he suggested the implication of plasma free fatty acids (FFA) in the thiopental anesthesia.
Several studies (6) (7) (8) have demonstrated that the pharmacological effect of a highly bound drug may be increased when the drug is displaced from its binding sites by another drug or substance. Solomon et al. (7) reported that many acidic compounds of un related chemical structure bound to a common site on the albumin molecule and that, among them, fatty acids were avidly bound to albumin and acted as effective displacers of another acidic drugs from albumin. The well-known relation of epinephrine to FFA in the movement of the latter in and out of adipose tissue (9, 10) and the implication of epinephrine in barbiturate anesthesia suggested a trial of epinephrine under conditions similar those described for fatty acids.
The purpose of this investigation was to study the potentiating effect of epinephrine, and by comparison, sodium oleate on the thiopental anesthesia. The data presented here indicate that potentiation of thiopental anesthesia may be due to an increased penet ration of thiopental into the brain. In addition, observations are also presented indicat ing that epinephrine may potentiate thiopental anesthesia through its lipolytic action.
MATERIALS AND METHODS
Animals : Male mice of dd strain weighing 20-30 g and male rats of Wistar strain weighing 200-300 g were used. Sleeping time : Experiments were performed in the room in which the animals were kept at temperature of 22-24°C. The sleeping time was defined as the interval in minutes starting at the point where mice or rats could be placed on their back and lasting until their righting reflex was regained.
Determination of brain and plasma "S-thiopental: At the chosen time, the mouse was decapitated and the brain was rapidly removed. The brain was weighed, then homoge nized with 5 volumes of 0.1 N HCI. A sample of 2 ml of brain homogenate or of 2 ml of diluted plasma in a 50 ml glass-stoppered centrifuge tube was mixed with 2 ml of 1.5 M NaH2PO, solution and 25 ml of petroleum ether containing 1.5% isoamyl alcohol. After shaking for 45 minutes, 5 ml of the solvent phase was transferred to a counting vial containing 15 ml of toluene scintillator. Radioactivity was determined in a liquid scin tillation spectrometer. No significant quenching was observed. The percentage re coveries of total added 5 to 50 micrograms of 35S-thiopental Na from the brain and plasma were 90+3% and 92±4%, respectively.
Experimental procedure for the estimation of thiopental distribution between fat and protein :
Minced fat pads, weighing about 100 mg, from epididymal adipose tissue of rats, were suspended in 1 ml of Krebs-Ringer phosphate buffer, pH 7.4, with 2% bovine serum albumin (Fraction V). After a preincubation for 30 minutes at 20°C, fat pads were incu bated at 37°C for one hour with continuous shaking in air. At the beginning of the incubation time, 0.1 ml each of 0.1 % non-radioactive thiopental Na solution and the drug(s) solution to be tested was added. Thiopental in fat or medium was determined by the method of Brodie et al. (11) . Distribution ratio was expressed as (concentration in fat) /(concentration in aqueous phase). Determination of FFA : FFA released from fat pads into the incubation medium were determined by the method of Itaya and Ui (12) . Binding of thiopental by serum albumin: The extent of protein binding was estimated by the ultrafiltration method of Ohshika (13) . After approximately one-tenth of albumin thiopental mixture solution was ultrafiltered under reduced pressure, the binding of thiopental by albumin was determined by comparing the concentration of the drug in the ultrafiltrate with that in the original solution.
RESULTS

Prolongation of thiopental anesthesia
The effect of epinephrine on the thiopental-induced sleep was shown in Table 1 and 2. It was found that epinephrine caused a dose-dependent increase of sleeping time. At the 0.25 mg/kg dose level, epinephrine caused a four-fold increase of sleeping time in mice and a three-fold increase in rats. Tables 1 and 2 also showed the potentiating effect of sod. oleate on thiopental anes thesia, as compared with epinephrine. Mice were pretreated with epinephrine or sod. oleate 20 minutes before i.p. injection of 55 mg/kg thiopental.
Sodium oleate was suspended in saline just before use. Number of mice is in brackets.
# : Means+S.E., Statistical difference from control : **P<0.01, *P<0.05. 
Reduction of anesthetic dose by epinephrine
We found that non-treated mice were not anesthetized with doses less than 45 mg/ kg of thiopental which produced narcosis in 40% of the mice. And with doses of 50 and 55 mg/kg, thiopental produced narcosis in 80% and 100% of the mice, respectively. Mice pretreated with 0.25 mg/kg of epinephrine hydrochloride twenty minutes before thiopental, were found to become sensitive to the drug; with doses of 40, 45 and 50 mg/ kg, thiopental produced narcosis in 40, 80 and 100% of the treated mice, respectively.
Modification of thiopental entry into the brain
Monosodium salt of 35S-thiopental was diluted with aqueous solution of non-labelled thiopental Na to give 1.4 uCi/mg. Injection was made intraperitoneally (55 mg/kg) or intravenously (40 mg/kg). Ten minutes after i.p. injection of thiopental, epinephrine or sod. oleate was administered intravenously to the mice. Although epinephrine was shown to increase the brain thiopental level at the 12 min. period (Table 3) , difference between the levels in controls and treated mice was statistically insignificant. On the contrary, sod. oleate showed a dramatic effect in increasing the brain thiopental level.
Since no apparent increase in brain thiopental level was found in mice received intravenous epinephrine, experiments were performed to ascertain if subcutaneous epine phrine would modify the brain thiopental level. The experimental conditions were as follows : mice were pretreated with subcutaneous injection of 0.25 mg/kg epinephrine or i.p. injection of 0.5 mmoles/kg sod. oleate and twenty minutes later the mice received intravenous thiopental. As shown in Table 4 , the brain thiopental levels in epinephrine-treated mice were significantly higher than those in controls. However, no significant increase was found in sod. oleate-treated mice. Table 5 also shows the effect of epinephrine on the brain and plasma-levels of thio pental in rats. The brain thiopental levels of treated rats were much higher than those of controls, while the plasma levels remained essentially unchanged. These data strong ly suggest that epinephrine may augment the thiopental penetration into the brain by making more unbound thiopental in the plasma.
In vitro distribution of thiopental between fat and protein
When 100 ,ug of thiopental was added to the incubation mixture composed of fat pads and albumin solution, the total amount taken up by 100 mg fat tissue at one hour incubation period, was 44.1±2.6 jig. If this value is expressed in terms of distribution ratio between fat and protein, the ratio is 7.9±0.5. In concentrations from 10-'m to 10-'m, epinephrine had no effect on the distribution ratio. Epinephrine at a final concentration of 10-5 M was found to cause a significant increase in the ratio (Table 6 ). It will be noted that, under such conditions, epinephrine has a property of mobilizing thiopental from the albumin to the lipid phase.
However, the question was raised whether the epinephrine effect was limited solely to either lipid or albumin, or whether epinephrine would affect both of them. In order to ascertain the direct effect of the drug on the adipose tissue, albumin-free Krebs-Ringer solution was used as medium source. As shown in Table 6 ; epinephrine no longer exert ed its thiopental-mobilizing effect under such experimental conditions. +4.0%, respectively. These results provided evidence for the view, that both lipid and albumin are required for the manifestation of the epinephrine effect.
Correlation between release of FFA and penetration of thiopental from and into the adipose tissue
It is well known that an incubation of epinephrine with rat adipose tissue stimulates the formation of FFA and the acids formed can easily be released from the tissue so long as albumin is added to the incubation medium as the acids-receptor (14) . Therefore, it seemed of interest to see if the FFA mobilization is associated with the epinephrine-induced acceleration of thiopental penetration into the adipose tissue. As compared with the natural release, epinephrine in concentrations of 10' M and 10' M caused about two-fold increase in FFA release. However, there was no increased uptake of thiopental by the tissue.
When the concentration of epinephrine was raised to 10-5 M, there was a three-fold increase in FFA release and simultaneously there occurred a significant increase in thio pental uptake by the tissue (Table 7) . Pro pranolol (10' M) effectively antagonized the action of epinephrine on both lipolysis and thiopental uptake.
To provide further understanding of the relation of lipolysis to thiopental uptake, FFA were externally added to the incuba tion medium to study their effect on thio pental uptake. As shown in Table 8 , sod. oleate in concentrations more than 1 , zeq/ml medium caused an increase in thiopental uptake by the tissue.
From these results, it seemed likely that the epinephrine effect in increasing thio pental uptake resulted from a stimulation of lipolysis.
DISCUSSION
In the present studies, potentiation by epinephrine of thiopental anesthesia was evaluated by two methods as follows : 1) prolongation of thiopental anesthesia by pre treatment of animals with epinephrine; 2) reduction of the anesthetic dose by prior ad ministration of epinephrine. The results obtained have reconfirmed and extended earlier observations by Lamson et al. (1) that epinephrine was extremely effective in potentiat ing the barbiturate anesthesia.
It is obvious that the potentiating effect of epinephrine is attributed to an increase in thiopental entry into the brain. However, there was a time lag in onset of the epine phrine effect. Under condition in which the brain thiopental level was determined immediately after intravenous administration of epinephrine, no apparent difference between control and treated mice was observed. Therefore, pDtentiating action of epinephrine on the thiopental anesthesia is not likely related to its hypertensive effect but to its metabolic effect. As far as the time in onset of potentiating action is concerned, epinephrine makes a sharp contrast with fatty acids, the potentiating action of the latter being direct and rapid in onset.
There is enough evidence to suggest that thiopental is strongly bound to serum albu min but in turn is displaced by a number of acidic substances including fatty acids (15, 16) . Therefore, if a substance that is capable of displacing thiopental from serum albu min is injected to animal, this may cause potentiation of thiopental anesthesia by mak ing more unbound thiopental diffusible into the brain.
This explanation holds good with the potentiation of barbiturate anesthesia by detergents (16) or by iodinated benzoic acid derivatives (17) . Increased penetration of thiopental by sod. oleate which was shown in the present study may also be explained by this mode of action.
It has already been shown that epinephrine stimulates lipolysis in vivo (18, 19) as well as in vitro (14) . The present in vitro experiment indicates that epinephrine is cap able of altering the ratio of thiopental distribution between fat and protein and that this alteration is closely correlated to epinephrine-induced lipolysis. Furthermore, there was a striking similarity between effects of epinephrine and of externally added oleate on the thiopental uptake by adipose tissue. It is very likely that epinephrine alters the distribution ratio through its lipolytic action. If it were true, a causal sequence involved in this process may be considered as follows : epinephrine stimulates the release of FFA from adipose tissue; secondly, the released FFA displace thiopental from its bind ing sites on serum albumin; thiopental thus displaced enters into adipose tissue because of its high lipid solubility.
These interpretations are only conjectural. It will be necessary to carry out kinetic studies with thiopental-FFA interaction at binding sites on serum albumin. It is well known that epinephrine produces an abrupt increase in plasma FFA level when injected to animals (20) . If epinephrine-treated animal would receive intravenous thiopental, binding of thiopental to plasma albumin may be inhibited by the elevated plasma level of FFA, thereby increasing the penetration of the drug into the brain. The present studies strongly suggest an important role of plasma FFA level as one of the phys iological variables in deciding the depth and duration of thiopental anesthesia and also indicate that epinephrine may potentiate the anesthesia through its lipolytic action. SUMMARY 1. Potentiating effect of epinephrine on the thiopental anesthesia was studied by comparison with that of sodium oleate.
2. Potentiation of the anesthesia by epinephrine was found to be due to an in creased penetration of thiopental into the brain.
